This paper presents the use of Public Participatory GIS (PPGIS) which enables better appreciation of water resource management at the community level based on two case studies conducted in Northern Ghana. The case studies were aimed at enhancing water resource management for irrigation purposes through participatory means. Emphasis was played on letting community members understand how to monitor water coverage in the reservoir using PPGIS. Selected community members were engaged in mapping the spatial extents of the reservoir and the existing gardens or farms around the reservoir. These points were overlaid on satellite images for them to understand the temporal variation of the water levels. The satellite images, which captured the extent of the water in the reservoir, served as bases to appreciate the level of reduction or increase in the water coverage in the reservoir. The overlay shows that in both communities, there was a reduction in the spatial extent of the water in the reservoir. In Kokoligu, the situation was attributed to human activities such as farming close to the reservoir, and situating gardens within the reservoir while in Vea it was attributed to weather conditions such as low rainfall amounts and intense sunshine which facilitated evaporation. In Kokoligu, people farm within hundred metres from the edge of the reservoir. It was observed that some gardens were situated in the dry parts of the reservoir so as to have easy access to the water in the reservoir or dugouts. Field observations also revealed that the surrounding land cover of the reservoir was bare especially at Kokoligu. Though the farmers were aware of the reduction of the level of the water in the reservoir, it was difficult to appreciate the extent of the reduction. The overlay of the GPS coordinates and the images helped them visualised the extent. The involvement of rural communities helped professionals to learn indigenous water conservation methods such as mulching, application of manure and continues loosen the soil. This paper therefore has demonstrated that PPGIS is rendering both communities and professionals an integrated learning environment for both indigenous communities and professionals to share their knowledge, and build GIS databases that have meaningful impact for resource management, use and development.
Introduction
The past decade has seen a significant growth in Geographic Information Systems (GIS) and application of remote sensing data in monitoring and management especially in natural resources (Bojórquez-Tapia et al., 2001 ; De Roo et al., 2000; DeVantier et al., 1993). The commonest example of practical GIS use is the Tomtom navigation system use in cars and Google Maps on mobile phones. Though, these applications are used by the masses without understanding the fundamental GIS logic and framework behind them, it proves that GIS is important for monitoring location and directions in space. There is growing awareness of the importance of GIS to spatial knowledge acquisition and information sharing, navigation, monitoring and management of resources. This has come with increasing interest in learning GIS and remote sensing in most universities and research organisations in Africa. The aspect of learning, knowledge and information sharing has been largely limited to professionals who have basic knowledge of GIS and remote sensing, and to a large extent do not include, majority of the people who also need GIS and Remote Sensing for understanding the variability of their natural resources such as water. Water plays a vital role in many human activities such as industrial production, agriculture, energy, sanitation, and transportation. Despite the numerous uses of water, only 0.4% of all of the water on earth is usable and accessible to human (CAP-Net 2003) and clearly shows the need for proper management of the water resources Integrated Water Resources Management (IWRM) principles therefore emphasize on participation of stakeholders in water resources management as the most sustainable way to manage the resource (Xie, 2006) . This is the best way of providing a leap-way towards achieving the Millennium Development Goals (MDGs) especially that of Eradicate Extreme Poverty and Hunger. Most IWRM concepts have seen recognition in most water laws and policies of many countries in Africa as an emphasis of the need to govern water issues through participatory means (McCall, 2004) . Therefore, if GIS has a great potential to provide us with reliable way of obtaining information about our natural resources, it implies that, there must also be a way to repackage this technology to ensure that all stakeholders of a water resources schemes are beneficiaries to the technology. In most water resources schemes, local communities barely have adequate knowledge of GIS and related benefits of such a technology in natural resources management. However, local communities have tremendous knowledge of the historical indigenous behaviour of water resource management and have therefore vital information that can be integrated into GIS planning schemes for water resource management. In many experiences, it is also found that local people can quite understand and interpret aerial photos or appropriate satellite images and use Global Positioning Systems (GPS) with little orientation from experts.
The concept of Public Participatory GIS (PPGIS) is to bring the skills and knowledge of GIS to the ordinary stakeholders in natural resources (such as water) management. PPGIS was coined at two meetings of the National Centre of Geographic Information and Analysis (NCGIA). The meetings documented that there was the need to connect and empower the less privilege groups in society (e.g. local basin management boards and committees) with the skills and knowledge of GIS. The emphasises of the NCGIA meetings were that, the future GIS should be the use of unprofessional language to communicate the meaning, the significance and the use of GIS for monitoring and management purposes (Kabo-bah and Lis, 2011). With this fundamental understanding, it means that PPGIS must involve learning, managing, analysing and communicating spatial information to both the less and far advanced users of GIS (Rambaldi et al., 2006) . In simple terms, PPGIS must consider the professionals and the general public (Obermeyer, 1998; Sieber, 2006) for spatial information development and dissemination. PPGIS should be seen emanating from participatory methods already used in regular planning and management in other professions (Rambaldi and Weiner, 2004) . PPGIS as a whole integrates local expertise, priorities and strategies into the general planning and implementation of water resources management planning strategies (McCall, 2008) . There is wide use of PPGIS for mapping different aspects of land and natural resources (Kabo-bah and Lis, 2011). For instance, PPGIS is applicable for forest mapping, demarcating land systems, land use dynamics and community natural resources managing. Some scholars have noted PPGIS had a significant impact on poor farmers as they were introduced to GIS to understand their geographic space, phenomena and dynamics (Gonzalez, 2002) .
In order to contribute and promote the use of PPGIS in Africa to support community level empowerment, learning sustainable water resources management and sharing of vital information, this paper presents two case studies of PPGIS undertaken in the Upper West and East Regions of Northern Ghana ( Figure 2 ). These regions are generally impoverished economically compared to the other regions of the country and are more dependent on natural resources in the area. Sustainable management of these resources therefore means a lot to their livelihoods. Majority of the people in this area rely on rain-fed farming and conservation of water for dry season farming is a sustainable source of livelihood for them. The two case studies were based on the application of PPGIS in water resource management for irrigation farming during the dry season at Kokoligu in the Upper West region and at Vea in the Upper East region.
General Methodology

Training
The following general procedure was used in the obtaining the results for the two case studies mentioned in this paper (See Figure 1 ). Final year students in the Department of Environment and Resource Studies, University for Development Studies (UDS), who were interested in applying GIS and Remote Sensing in their research work were selected and trained on PPGIS tools. These students already had basic knowledge in GIS and Remote Sensing. The training was necessary in order to ensure that the students understood properly the skills they had to share with the community members. The training was supported by Planet Action International which provided satellite images (SPOT January 2011 and Landsat February 2011) and professional guidance from Green WaterHut, Ghana. The students were taken through mapping of community natural resources using the handheld GPS receiver, image processing in Erdas Imagine 9.2, analysis in ArcMap 10 and principles of PPGIS.
The broad assumption was that, students trained with these skills needed to practically test their understanding of the concepts of GIS and Remote Sensing with communities in the Northern Ghana. This was advantageous for the students to have real world experience of what they were taught during lectures. In this way, the undergraduate students would be able to translate the knowledge learnt into practicable solutions for natural resources management.
The skilled students in the GIS Remote Sensing and PPGIS were then divided into two groups of five, one group for the Kokoligu community and the other for Vea. Each of these groups was guided by a supervisor from the Department of Environment and Resource Studies, UDS.
Community Entry
Community entry was undertaken in July 2011 to brief the opinion leaders of the two communities on the intended study, its purpose, benefits to the community and also to introduce the students to them. The team interacted with the chief and some community members about the benefits of the PPGIS in natural resources management such as water conservation.
Using the best principles of effective community entry practices in social sciences (Kaner et al., 2007) , the groups organised the stakeholders in each of these communities responsible for water resources management bearing in mind, the importance of balancing gender issues during such planning. After fundamental introductory formalities typically for rural communities in Northern Ghana, the main purpose of the study was introduced. The community were interested to know that there is a growing technology to map out their resources such as reservoirs, settlements, roads etc. The overall relevance of the mapping of water resources was introduced. Then, there was free-time for community members to generally observe the satellite images and made their own observations as to the features they identified such as roads and the reservoir.
After students had successfully completed this first phase of the reconnaissance, they spent some months to carry out desktop study and further analyse their results. Then, they went to respective communities the second time, to show to the communities the results of their work. Communities were glad to see how their ideas were incorporated into the research. Few recommendations both from the community and students were made as to the best ways for optimising the use of the reservoir and protecting it against siltation and evaporation. The students finally integrated any missing ideas that were not included in their first analyses into the final results.
Mapping of community resources
The community members were involved in the collection of GPS points of specific features of the reservoir. A group of five community members comprising a representative of the chief, two management committee members, the assembly member, and an ordinary user of the reservoir i.e. one who is not part of the management committee of the reservoir undertook the mapping session in each community. They first picked the GPS coordinates the boundary of the reservoir as pointed out by the community members, spatial coverage of the water in the reservoir (at the time of the field work) with the Etrex hand-held GPS receiver to enable them appreciate the water resource base of the reservoir. The group also mapped gardens and farms around the reservoir area in order to assess whether a garden is within the buffer zone or not. 
1 Case Study 1 -Kokoligu Community
Kokoligu is a village located in the north western part of the Lawra District of the Upper West Region, Ghana. It lies between longitudes 2°46' W and 2°48'30'' W and latitudes 10° 58N and 10° 59N (Figure 2 ). The community experiences rainfall between April and October with mean annual rainfall between 1000mm and 1200mm with peak rainfall in August and September. The temperatures also range between 27 o C to 36 o C. The community receives water supply from drilled boreholes and dug wells the Kokoligu Reservoir serving as a supplementary source of water The general life sustaining activity in this village is agriculture which makes this reservoir an important entity to the community. This is because, the reservoir supports dry season gardening activities and fish farming. Also, since the rainy season is short, community members spend the rest of the year on their gardens in order to generate income for daily household upkeep,paying for their children school fees, and recreation activities.
Typically some of the agricultural activities include vegetable farming (e.g. onions, cabbage, pepper and tomatoes), animal rearing (e.g. cattle, goats and sheep) and economic activities such as shea butter and dawadawa processing. Shea butter is an economic activityfor most women in the village. Also dawadawa is used to produce the local "Maggi cubes" which has proven to be a vital nutritional source for growing up children and also an essential contributor to household income. The limited economic activities in the community exert a lot of pressure on the reservoir especially in the dry season when it becomes very imperative to use water from the reservoir for economic activities. Usually, water from dugouts(wells) and drilled boreholes are reserved for drinking, cooking and washing purposes. All other activities have to depend somehow on the reservoir and the nearby the Black River Volta which separate Ghana and Burkina Faso in the north west. The population of Kokoligu is about 903 people comprising 50.2% males and 49.8% females. 
Reservoir mapping
The purpose of the fieldwork was to characterise the extent of the reservoir and observe different landcover around the reservoir. The landcover is particularly important for informing the community members and researchers, strategies to put in place to ensure the reservoir is not exposed to severeevaporation during the dry season.
During the field survey it was realised that some of the gardens were situated in the dry areas of the reservoir (Figure 3) . Farming around the reservoir and upstream are catalysts for siltation of the reservoir. Siltation makes the reservoir shallow and unable to collect sufficient water in the rainy season capable of sustaining dry season gardening for longer periods. Besides, chemical fertilizers used on the farms upstream and on the gardens situated in the reservoir endangers the fish, crocodiles and other vital microscopic organisms in the reservoir. The community members shared with the research team that the channels have not been created to the area earmarked for the gardening and farming which has compelled some farmers to situate their gardens in the dry parts of the reservoir. The satellite image and field observations revealed that, the surrounding of the reservoir is bare land with few isolated trees which exposes the water in the reservoir to evaporation, a contributory factor to drastic reduction in the reservoir in the dry season (Plate 1). As a recommendation, the community were urged to consider planting some treesaround the reservoir area. This has contributed greatly to the serious reduction in the water in the reservoir.
Plate 1: A Section of Kokoligu Reservoir
Some community members cultivate their farms either close to the reservoir or upstream which have repercussions for the volume of the reservoir. Though, it was well noted from discussions with community members that, the village reservoir management board has bye-laws for regulating the activities within and around the reservoir, there was still the need to include into the byelaws some of the ill-practices such as farming within the buffer zone of the reservoir. The farmers shared with the research team their indigenous water conservation methods. These were mulching, use of manure and continuous loosening of the top soil to ensure passage of water down roots
Case Study II -Vea Community
The Vea irrigation project is a vital resource for in the study area and supports small communtieis such as the Vea, Gowrie, Zaare, Yorogo, Yikene, Sumburungu, Dindubiisi, Bongo-Nyariga and Bolga-Nyariga. The facility is mainly managed by the Irrigation Company of Upper Regions (ICOUR). Though the irrigation project is in the Bongo district, the beneficiary communities are in both Bongo district (Vea, Gowrie, Yorogo, Dindubiisi, Bongo-Nyariga) and the Bolgatanga Municipality (Zaare, Yikene, Sumburungu, Bolga-Nyariga) (Figure 4) . However, the study area was limited to Vea community. It is located between latitudes 10°50' N and 10°55' N and longitudes 0°45' W and 0°55' W. The project serves as a source of potable water for Bolgatanga, the regional capital and its environs. Besides it was only the portion of the dam that contained water that was mapped. For the developed land, 300 -350 ha is currently utilise. The irrigation facility comprises an earthen dam on River Yaragatanga, the irrigable area (uplands for the cultivation of tomatoes, sorghum, millet, groundnuts, millet, onions and other vegetables; lowland for the cultivation of rice; and a fish pond) with canals to channel water to the various plots and the spill way (Figures 3 & 4) . Unlike the Kokoligu reservoir is managed by the local community, Vea irrigation facility is managed by government of Ghana. It was found out that community members and the management realised that weather conditions were significantly affectingthe activities inthe irrigation facility.
Having observed a reduction in the water level and appreciated the extent of reduction in the water in the reservoir, the farmers attributed it to climate variability which they pointed out to mean prolonged dry season, erratic rainfall, and intense sunshine. The farmers shared with the research team the effects of the climate variability on irrigation farming. The community members acknowledged the fact that the major effects of climate variability they currently faced with were reduction in the water in the reservoir, and wilting of crops. They were of the view that reduction in the water level is the main effect of climate variability on irrigation confronting their farming activities. The farmers also pointed out that crop wilting as a result of intense sunshine is another effect of climate variability on their irrigation farming. They indicated that the intensity of the sun over the years is not good for crop and vegetable production as they destroy them.
Conclusion
The paper has presented two typical examples where PPGIS has been applied in the management of water resource for irrigation in two study areas -Kokoligu and Vea with emphasis on community involvement. Reduction in the level of water in the reservoir was amajor common issue in both communities.
Through PPGIS, the community members were to visualise the reduction in the spatial voerage of the water in the reservoir. The characteristics of the land cover around these irrigation facilities gave vital information for informing community members the need to put in some measures such as planting of trees as in Kokoligu and enhancing the use of the vast irrigable area of the Vea irrigation facility. Through PPGIS, students were able to demonstrate their classroom learning, community members learned about a new technology (PPGIS) for improving their knowledge on water resources management. It allowed for sharing indigenous knowledge and professional skills for improved water management for irrigation purposes.
PPGIS has enormous benefits for empowering communtieis to identify the problems of the resource base eg water resources, so that they can properly plan and adapt to the growing challeneges of climate change and survival.
